The KaiLuan study is a prospective cohort study based on the Kailuan community in Tangshan city, which is a large and littoral modern city located in the central section of the circulating Bohai Sea Gulf region.
W orldwide, cardiovascular diseases (CVD) remain a major public health burden and are expected to increase over the next 10 years with the aging of the population. 1, 2 It is more difficult to reverse the progress of CVD than to prevent its occurrence. Prior studies have generally focused on risk factors for CVD. [3] [4] [5] [6] Several studies have reported a relationship between the prevalence of different health behaviors and risk factors and the prevalence of CVD. [7] [8] [9] [10] [11] [12] Recently, an impact goal released by the American Heart Association (AHA) Committee focused on the primary reduction in cardiovascular risk. 13 The Committee developed the definition of "ideal cardiovascular health" as the simultaneous presence of 7 health metrics, including no smoking, body mass index (BMI) <25 kg/m 2 , physical activity at goal level, diet consistent with current guideline recommendations, untreated total cholesterol (TC) <200 mg/dL, untreated systolic blood pressure <120 mm Hg and diastolic blood pressure <80 mm Hg, and untreated fasting blood glucose (FBG) <100 mg/dL. To the best of our knowledge, the AHA definition of "ideal cardiovascular health" has not been tested in the Chinese population. Here, we report the prevalence of ideal cardiovascular health metrics, according to the modified AHA definition and its relationship with the 4-year incidence of CVD among men and women, in the northern Chinese cohort located in the industrial city of Tangshan. July 2012
The Kailuan community is a functional and comprehensive community owned and managed by Kailuan Group. There are 11 hospitals responsible for the health care of the community. From June 2006 to October 2007, 101 510 participants (81 110 men and 20 400 women; 18-98 years of age) had built up health record in the 11 hospitals. The participants met the following criteria: (1) age ≥18 years; (2) providing informed consent; and (3) updating their health status every 2 years according to the follow-up protocol. All participants underwent questionnaire assessment, clinical examination, and laboratory assessment. Standard protocols were used for all of the measurements as described earlier 14, 15 and were administered by specially trained doctors and nurses. We excluded those who had a history of myocardial infarction (MI) or stroke or had incomplete data on health factors or behaviors. Ongoing evaluations included biannual measurement of the above parameters and annual recording of adverse events. The study was performed according to the guidelines of Helsinki Declaration and was approved jointly by the Ethics Committee of the Kailuan General Hospital, Beijing Chaoyang Hospital, and TianTan Hospital. Written informed consent was obtained from all participants.
Questionnaire Assessment
Questionnaires were administered in person by research doctors. Information obtained included demographic and socioeconomic data, education level, average income of each family member, medical history, family medical history, alcohol consumption, smoking status, dietary data, physical activity, and sleeping duration and quality. Smoking status was classified using self-reported information as "never," "former," or "current." Physical activity was evaluated from responses to questions about the type and frequency of physical activity at work and during leisure time and permits. Individuals were classified as "very active," "moderately active," or "inactive." Salt intake was determined from responses to questions related to salt preferences and was classified as "low," "medium," or "high." However, the amount of salt consumed (g/day) was not obtained. We used "low" salt intake (9.1%) as a surrogate of ideal diet consistent with current guideline recommendations because salted food intake is a serious issue in China. According to the 2002 China National Nutrition and Health Survey, only 18.4% of people had a daily salt intake <6 g. The questionnaire provided an approximation of whether an individual's diet was "ideal," "intermediate," or "poor." The existence of preexisting stroke or MI was defined as any self-reported previous physician diagnosis of stroke or MI. The use of antihypertensive, cholesterollowering, and glucose-lowering medications within the past 2 weeks of the baseline interview was self-reported. The average monthly income of each family member was reported as "<¥600"; ¥600 to ¥1000; or "≥¥1000" The education level was categorized as "illiteracy or primary school, middle school, or college/university."
Anthropometric Measurements
Anthropometric indices included height and weight. All individuals were measured while they were wearing scrubs. Height was measured to the nearest 0.1 cm using a tape rule, and weight was measured to the nearest 0.1 kg using calibrated platform scales. BMI was calculated as body weight (kg) divided by the square of height (m 2 ).
Blood Pressure Measurement
Blood pressure (BP) was measured on the left arm to the nearest 2 mm Hg using a mercury sphygmomanometer with a cuff of appropriate size following the standard recommended procedures. Two readings each of systolic blood pressure and diastolic blood pressure were taken at a 5-minute interval after participants had rested in a chair for at least 5 minutes. The average of the 2 readings was used for data analysis. If the 2 measurements differed by >5 mm Hg, then an additional reading was taken, and the aver age of the 3 readings was used for data analysis.
Laboratory Assessment
Blood samples were collected from the antecubital vein in the morning after an overnight fast and transfused into vacuum tubes containing EDTA. Tubes were centrifuged at 3000g for 10 minutes at room temperature. After separation, plasma samples were used within 4 hours. FBG was measured with the hexokinase/glucose-6-phosphate dehydrogenase method. TC and triglyceride were measured enzymatically (interassay coefficient of variation <10%; Mind Bioengineering Co Ltd, Shanghai, China). All biochemical variables were measured using an autoanalyzer (Hitachi 747; Hitachi, Tokyo, Japan) at the central laboratory of the Kailuan General Hospital.
Incidence of CVD Events
CVD events included MI, cerebral infarction, and cerebral hemorrhage. Each participant could contribute only 1 end point, if they had >1, as the first diagnosis of MI, cerebral infarction, or cerebral hemorrhage. We followed all participants from the baseline examination between June 2006 and October 2007 through December 31, 2010, or to the date of death or loss to follow-up. CVD events in the KaiLuan study were ascertained by surveying each year's discharge lists from local hospitals and death certificates from state vital statistics offices and by contacting participants annually for a history of CVD events. For patients hospitalized with a potential MI, trained abstractors recorded the presenting symptoms and related clinical information, including cardiac biomarkers, and photocopied up to three 12-lead ECGs for Minnesota coding. 16 The criteria for MI were based on combinations of chest pain symptoms, ECG changes, and cardiac enzyme levels. For patients hospitalized for potential strokes, the abstractors recorded signs and symptoms and photocopied neuroimages (from computed tomography or magnetic resonance imaging) and other diagnostic reports. Strokes were categorized into 1 of the following 3 main types: brain infarction, cerebral hemorrhage, or subarachnoid hemorrhage. Neuroimages were reviewed by a single physician, with disagreements resolved by a second physician. Information on death was collected from death certificates from state vital statistics offices.
Statistical Analyses
Statistical analyses were performed using SAS software, version 9.1 (SAS Institute, Cary, NC). Continuous variables were described by
WHAT IS KNOWN?
• The American Heart Association recently defined ideal cardiovascular health as the simultaneous presence of 7 health metrics, including no smoking, body mass index <25 kg/m2, physical activity at goal level, diet consistent with current guideline recommendations, untreated total cholesterol <200 mg/dL, untreated systolic blood pressure <120 mm Hg and diastolic blood pressure <80 mm Hg, and untreated fasting blood glucose <100 mg/dL. • These cardiovascular health metrics have not been evaluated in the Chinese population.
WHAT THIS STUDY ADDS
• The current study found that <10% of participants had ≥5 ideal health metrics and 70% had ≤3 ideal health metrics. • Four-year follow-up results showed a strong inverse relationship between the number of ideal health metrics among participants at baseline and cumulative cardiovascular events. • Population-wide prevention, especially lifestyle improvement, is critical to improve cardiovascular health and thereafter decrease cardiovascular events.
mean±SD and compared using a 2-sample Student t test. Categorical variables were described by percentages and compared using χ 2 tests. The prevalence of each baseline cardiovascular health metric or their combinations was computed, and subgroup analyses stratified by sex, education levels, and average income levels were performed. The cumulative incidence of the primary composite outcome was calculated using the Kaplan-Meier approach, and the difference in cumulative hazard risks was compared with a log-rank test. Each participant contributed follow-up time from the return of the baseline questionnaire until the date of diagnosis of the first event (MI, cerebral infarction, or cerebral hemorrhage), date of death, or end of follow-up, whichever came first. Cox proportional hazard models with a sandwich covariance matrix accounting for the treatment center (hospitals) as a random effect were used for multivariate analyses. Cox proportional hazards regression was used to calculate hazard ratios and 95% CI for baseline health behaviors and risk factor categories, with adjustments for age, sex, education level, and average income. The hazard ratios and 95% CI of the incidence of the primary composite outcome in relation to the number of ideal cardiovascular health metrics were also estimated from Cox proportional hazard models. All the analyses were performed first adjusting for age and sex (multivariate model 1) and further adjusting for education and income (multivariate model 2). All statistical tests were 2-sided, and P<0.05 was accepted as statistically significant.
Results

Baseline Characteristics and the Prevalence of Ideal Cardiovascular Health Metrics
Of the 101 510 KaiLuan study participants, we excluded at baseline 1 113 with a history of MI, 203 with a history of both stroke and MI, 2353 with a history of stroke, and 6143 who did not have complete data on health factors or health behaviors. Analyses were confined to the remaining 91 698 participants (90.33% of the cohort), which included 72 826 men (52.21 ± 12.52 years) and 18 872 women (48.87 ± 11.46 years). Table 1 shows the baseline characteristics of the participants. Women tended to be younger, better educated, and had a higher average income. BMI, systolic blood pressure, diastolic blood pressure, FBG, low-density lipoprotein, and triglyceride were higher in men, but TC and high-density lipoprotein were lower in men ( Categories of each cardiovascular health behavior or factor in the total cohort and subgroups by sex are shown in Table 2 . The proportion of participants in the total KaiLuan study sample who had ideal cardiovascular health metrics were as follows: smoking status (never), 60.36%; BMI (<25 kg/m 2 ), 51.91%; physical activity (≥80 min/week), 15.09%; diet (low salt), 9.08%; TC (<200 mg/dL without medication), 60.13%; BP (<120/80 mm Hg without medication), 20.3%; and FPG (<100 mg/dL without medication), 68.62%. Except for TC and physical activity, more women met ideal levels of each metric than men (P<0.001). Compared with women, a higher proportion of men had an ideal TC status, but the difference was not significant.
As shown in Table 3 , only 93 of 91 698 participants (0.1%) had all 7 cardiovascular health metrics in the ideal range. Eight thousand three hundred forty-two participants (9.1%) had 5 to 7 ideal health metrics. Additional subgroups were stratified by sex, education level, and average income. The proportion of participants in these subgroups who met >5 ideal health components were extremely low as well. The majority of participants (63 676; 69.45%) presented with ≤3 ideal health metrics. Table 4 , BMI, TC, BP, FBG, physical activity, diet, and smoking were independently related to CVD events after adjusting for age and sex. There was a strong inverse relationship between the cumulative incidence of CVD events during the follow-up period and the number of ideal health metrics met by individuals at baseline ( Table 5 ). The 93 participants with all 7 metrics rated as ideal did not experience any CVD events over the follow-up period. The 1111 participants with 6 and 7 ideal metrics had a relatively low cumulative incidence of CVD of ≈0.8%. The cumulative incidence was relatively higher for those with no or only 1 ideal health metric (≈3.3%). CVD incidence rates were relatively higher in men than in women, regardless of the number of ideal health metrics met, except among those with all 7 ideal health metrics (2.46% versus 1.18%).
Compared with participants with no ideal health metrics, the age-and sex-adjusted hazard ratios for the primary composite outcome were 0.18 (95% CI, 0.08-0.40), 0.24 (95% CI, 0.17-0.35), 0.34 (95% CI, 0.26-0.45), 0.47 (95% CI, 0.37-0.61), 0.64 (95% CI, 0.50-0.82), and 0.88 (95% CI, 0.68-1.14) for those with 6/7, 5, 4, 3, 2, or 1 ideal health metrics, respectively ( Table 5 ). The trend was similar even after adjustment for hospitals, education level, average income, and sex*number of ideal health metrics. Subgroup analysis showed that the interaction between ideal metrics number and sex was significant (P=0.04).
Discussion
The AHA Impact Goal for achievement between 2010 and 2020 focuses on promotion of health rather than control of risk and includes a new construct of cardiovascular health. 13 Our study applied this definition to the Kailuan community cohort. One of the main findings in our longitudinal study was an extremely low prevalence of ideal cardiovascular health metrics, as defined by the AHA, in the Kailuan cohort. Our data clearly show that most adults had poor cardiovascular health, and few had ideal cardiovascular health metrics. According to the modified AHA definition, <10% of participants had ≥5 ideal health metrics, and most had ≤3 ideal health metrics.
Our findings add to previous reports that demonstrate a low prevalence of healthy behaviors and factors, both individually and in combination. [7] [8] [9] [10] [11] [12] The AHA Committee has reported that the estimated percentage of American adults meeting each targeted health factor or health behavior are as follows: smoking status (never), 73%; BMI (<25 kg/m 2 ), 33%; physical exercise (≥80 min/week), 45%; diet (low salt), <0.5%; TC (<200 mg/dL without medication), 45%; BP (<120/80 mm Hg without medication), 42%; and FPG (<100 mg/dL without medication), 58%. 13 Bambs et al 17 reported that only 1 of 1933 participants (0.1%) was classified as having ideal levels of all 7 health behaviors and factors and that the vast majority of participants (80.9%) presented with ≤3 ideal health behaviors and factors. In the study by Gu et al, 18 the prevalences of dyslipidemia, hypertension, diabetes mellitus, current smoking, and excess body weight were 53.6%, 26.1%, 5.2%, 34.4%, and 28.2%, respectively, in the Chinese population aged 35 to 74 years; in our present study, the prevalences of risk factors mentioned above were 32.05%, 42.53%, 9.05%, 34.5%, and 47.9%, respectively. Hypertension, diabetes mellitus, and overweight were more common in our Kailuan cohort compared with their counterparts of the study by Gu et al. We further demonstrated that the prevalences of overweight and obesity were 40% and 7.9%, respectively; in the 2002 China Nutrition Survey, these rates were only 18.9% and 2.9% in the 18 year and older population, respectively. 19 Our data also showed that the prevalence of diabetes mellitus in this population was 9.05%, similar to the results of a recent report. 20 Our study provided robust evidence that cardiovascular risk factors are becoming more common in China as well.
Previous studies documented that populations and individuals with few risk factors for cardiovascular disease and healthy behaviors experience very low rates of CVD events. In the Atherosclerosis Risk in Communities (ARIC) study, Folsom et al followed 15 792 participants (mean age of 54 years) for 18.7 years (maximum of 21.1 years), during which 3063 incident CVD events occurred CVD incidence rates were 10% lower among those with 6 ideal health metrics (3.9 per 1000 person-years) compared with those with zero ideal health metrics (37.1 per 1000 person-years). 9 Palmieri et al conducted a prospective, population-based Italian study of 7438 men and 13 009 women (aged 35-69 years) over 10.4 years, and they documented the first coronary events among participants. 12 They found that for low-risk women and men, the age-and sex-adjusted incidence of coronary heart disease was 62% lower than that for high-risk participants. These findings were confirmed by our Kailuan study. Ideal cardiovascular health was indeed related to fewer 4-year CVD events in this northern Chinese cohort. We observed a strong inverse relationship between the cumulative incidence of CVD and the number of ideal health metrics among participants at baseline. Men had higher rates of CVD events than women, and the relationship between the number of ideal health metrics and the incidence of CVD events tended to be stronger among men than women. This may have been mainly because of the lower prevalence of ideal cardiovascular health metrics among men. But with a similar overall prevalence of health metrics, men still had a higher incidence of CVD. Other factors such as stress, 21, 22 hormones, 23 physical activity, 24 and genetic background 25 may contribute additionally to higher CVD incidence rates in men.
The present study has some limitations. All the 155 418 employees were invited to participate, and 65.31% volunteered. Based on the "employee records" of Kailuan Company, the mean age of cohort participants was comparable with that of the whole population of employees (51.92 years in the company versus 51.93 years in the current cohort), but there is a significant difference in sex distribution (85.93% men in the company versus 79.90% in the current cohort). We cannot totally exclude the possibility of selection bias in that relative healthy individuals may be more likely to refuse to participate in the free medication examination. We also cannot exclude the underestimated risk from the undiagnosed CVD events because of those employees who are never treated or do not visit the hospital. However, considering the large sample size (91 698 participants) in this longitudinal study, our findings have provided robust data that the cumulative CVD incidence is inversely associated with the number of ideal health metrics at baseline, and population-wide prevention, especially lifestyle improvement, is critical to decrease CVD events. Second, 1 of the main limitations is that the current study was based on a community cohort, and findings might not be generalizable to other populations. Compared with the general population, our participants may be relatively unhealthy. However, the relative homogeneity of the study population in educational attainment and socioeconomic status could enhance the internal validity of this study, which is the basis of generalizability. Furthermore, we did not collect detailed information on the amount of salt consumed each day.
Our study applied the definition of ideal cardiovascular health to the Kailuan cohort and highlighted the importance of primary prevention and risk factor optimization. The adjusted hazard ratios for the primary composite outcome decreased gradually with increasing numbers of ideal health metrics. The data further demonstrated that CVD events may be reduced when people adopt an increasing number of healthy factors and behaviors. Thus, abstinence from smoking, prevention of obesity and weight control, reduction in salt intake, increased habitual physical activity, and maintenance of TC, BP, and FPG at ideal levels should be the major components of an essential population-wide strategy to reduce cardiovascular disease. If nothing happens, an enlarging Chinese population with cardiovascular risk factors will lead to an accelerated burden of public health in China and at the world population level.
